Understanding of the mechanisms responsible for disorders of cardiac rhythm has been increasing rapidly in the past I0 years. A great stimulus to these advances in knowledge has been the recognition in Coronary Care Units of the high mortality associated with some arrhythmias. The principal inroads that have been made into the high mortality of patients with acute myocardial infarction who are treated in hospital have been the prompt recognition and treatment of dangerous arrhythmias. Similarly, following cardiac surgery, particularly open-heart surgery with bypass, technically satisfactory surgical procedures maybe compromisedbytheoccurrence of disorders of rhythm. In recent years the keystone in successful management of the acute phase of myocardial infarction and also in the control of postoperative arrhythmias has been constant monitoring of the electrocardiogram. It is therefore a great pity that no uniform lead system has been generally adopted for this purpose. One of the most important problems in arrhythmias is to differentiate between beats (or rhythms) of supraventricular origin which have been conducted to the ventricles with aberration and those representing ventricular ectopy, since the correct treatment may often be different wand even conflicting. In i965, Sandler and Marriott pointed out that the best way of differentiating between supraventricular beats conducted with aberration and ventricular ectopic beats was from the morphology of the QRS complexes in lead VI. The vast majority of supraventricular beats conducted with 4aberration show the pattern of right bundlebranch block with a triphasic pattern in lead VI (rsR', rSR', or rsr') whereas ventricular ectopic beats usually show either a monophasic R wave or a qR complex. Marriott and Sandler (I966) Care Unit or in the postoperative surgical recovery room, lead VI is quite unsuitable, since it entails connecting all four limbs to the monitoring equipment. Marriott and Fogg (1968, I970) have described a bipolar chest lead system which largely overcomes these difficulties and still retains the diagnostic advantages of lead VI. This lead system is illustrated in Fig. I (I97ob) have suggested that in fact these aberrant beats are actually ventricular in origin and that they arise from the proximal parts of the three main conducting fascicles. In support of this hypothesis they point out that such aberrant beats show a relatively small, constant, and well-defined group of QRS complexes, which appear to be either incomplete left bundle-branch block or else incomplete right bundle-branch block with either left anterior hemiblock or left posterior hemiblock. Fig. 2 indicates the sites from which such ectopic beats may arise. Since they will use fast conduction pathways, the QRS complexes will be little if at all widened, but the usual order of excitation of the ventricles will be altered and the resulting beats will appear aberrant. The frequent occurrence of fusion beats strongly supports that such ectopic beats are ventricular in origin and, while the hypothesis waits final experimental proof, it seems the most intellectually satisfying explanation so far put forward for this common electrocardiographic finding. In Mobitz Type I or the Wenckebach phenomenon there is progressive prolongation of the PR interval in successive cycles until the P wave is blocked. Damato and Lau (1970) have shown by His bundle electrograms that the PH interval is progressively prolonged until the P wave is no longer followed by an H deflection and ventricular activation fails to occur, indicating that the failure of transmission is in the AV node. In the less common Mobitz Type II, the PR interval is fixed and failure of transmission to the ventricles occurs suddenly. Watanabe and Dreifus (I967) In chronic complete AV block, Damato and Lau (1970) have shown in all io cases studied that the non-conducted P waves were all followed by an H deflection, whereas the widened QRS complexes of the slow idioventricular rhythm were not. These findings offer electrophysiological confirmation of the histopathological studies of Mahaim (I93I), Yater (1938) , Lenegre (I964) , and Davies and Harris (I969) that the majority of cases of chronic complete AV block are due to bilateral bundle-branch disease. These observations do not, of course, apply to all cases of complete AV block, particularly those with QRS complexes of normal duration, such as occur in congenital heart block or heart block complicating inferior myocardial infarction.
AV junctional rhythm
Until comparatively recently what we now call AV junctional or junctional rhythms, tachycardias, or beats were termed 'nodal'. Zahn (I9I3) originally divided these into upper, middle, and lower 'nodal' according to whether the retrograde P' wave preceded, was embedded in, or followed the QRS complex. Though it was implied that the AV node contained upper, middle, and lower groups of pacemaking cells, it was recognized that the relative speed of antegrade and retrograde conduction of impulses from these groups of cells would also help to determine the site of the retrograde P' wave in relation to the QRS in the clinical electrocardiogram.
It has already been mentioned that modem electrophysiological studies have failed to confirm the presence of pacemaking cells in the AV node, except perhaps in the NH region where it joins the His bundle. For this reason most authors have dropped the term 'nodal' in favour of AV junctional or junctional. Damato and Lau (I969) using His bundle electrograms have studied cases of 'nodal' rhythm and AV dissociation, and claim to have located the pacemaker controlling the ventricles in the bundle of His, suggesting the term 'His bundle rhythm'. Perhaps their most convincing evidence is that the H deflection in the His bundle electrogram in 'lower nodal' rhythm precedes both the QRS complex and the N deflection due to depolarization of the AV node. In AV dissociation, atrial activity is followed by an N deflection from the AV node, while the H deflection is linked to the QRS, which, except during ventricular captures, is independent in time.
Many other advances have followed the ability offered by this new technique for recording from the AV conduction system. For example, Damato and Lau (1970) A similar mechanism for attacks of supraventricular tachycardia in the absence of WPW was originally suggested by Iliescu and Sebastiani (1923) and this mechanism was strongly supported by Barker, Wilson, and Johnston (1943) . However, this view gained little credence, presumably because only one pathway was known to connect the atria and New frontiers in arrhythmias 8I5 ventricles in subjects without the WPW syndrome. Moe, Preston, and Burlington (1956) produced strong experimental evidence in animals for the presence of a dual AV conduction system. They suggested that the fibres of the AV node could be longitudinally dissociated at least in its upper part, the pathways uniting in the lower node to form a final common pathway. If this were true in humans, the anatomical basis would exist for reciprocating tachycardia apart from the WPW syndrome. Indeed the occurrence of reciprocal beats and reciprocal rhythms in clinical tracings demands the presence of two AV pathways to explain their occurrence (Schamroth and Yoshonis, i969).
Many authors have recently advanced both clinical and electrophysiological evidence that the underlying mechanism in many cases of supraventricular tachycardia is a reciprocating tachycardia, involving two separate pathways in the AV node. For example, in a study of six successive cases of supraventricular tachycardia, Bigger and Goldreyer (I970) found, using sophisticated electrophysiological techniques, that a re-entry mechanism for the attacks rather than a rapidly discharging focus was the only acceptable explanation. More recently (Goldreyer and Bigger, I97I) the same authors have shown, using His bundle electrograms, that the site of re-entry is the AV node.
The existence of two separate pathways could only become manifest if they had different physiological properties. It is simplest to envisage them as having different refractory periods. A premature supraventricular beat, such as an atrial extrasystole, may find one pathway in a relative refractory phase and the other still in the absolute refractory phase. The impulse will then be conducted slowly along the relative refractory path and reach the final common pathway at a time when the second pathway has recovered excitability.
This excitation wave will then divide into two fronts, one completing the journey to the ventricles down the final common pathway and the other returning to the atria by the second pathway. Such an event occurring once is known as an 'atrial echo'. Alternatively, a circus movement may be started, resulting in a reciprocating tachycardia.
One would therefore expect that supraventricular tachycardia should start with an atrial extrasystole falling in the relative refractory period and having a long P'R interval. In practice this is found to be invariably so, whereas atrial extrasystoles (in the same patients) falling outside the relative refractory period do not initiate supraventricular tachycardia. Moreover, the first few cycles of supraventricular tachycardia alternate in length, as would be expected from a reciprocating mechanism, but not from a rapidly discharging ectopic focus.
A final point, which may well have therapeutic implications, is that Bigger and Goldreyer were able at will both to initiate and terminate attacks of supraventricular tachycardia in their patients by a single appropriately timed electrical stimulus to the atrium.
